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FIELD OF THE INVENTION

The present invention relates to the use of feceplor to BAFF, a pcell activating
factor belonging to the Tomor Necrosis Family, and its blocking agents to either stimulate
or inhibit the expression of B-cells and immunoglobulins, This receptor may have anti-
cancer and/or immunoregulatory applications 2s well as uses for the treatment of
immunosuppressive disorders such as HIV, In addition, the recsptor and its blacking
agents may play & rale in the development of hypertension and its related disorders.,
Forthermore, cells transfected with the gene for this receptor may be used in gene therapy
to treat tumors, lymphomas, sutoimmune diseases or inherited genetic disorders involving
B-cells. Blocking agents, such as recombinant variants o antibodies specific to the
receptor, may have immmmoregulatory applications as well, Use of the receptor to BAFF
as & B-cell stimulator for immune suppressed diseases including for example uses for
patients undergoing organ transplantation (ie bone marrow transplant) as well as
recovering from cancer treatruents to stimulate prodoction of B-cells are contemplated.
Use of the receptor to BAFF as an adjuvant and or costimulator to boast and or restore B
cells levels to approximate normal levels are also contemplated,

BACKGROUND OF THE INVENTION

The present invention relates to a povel receplor in the TNF family, A novel
receptor has been identified, BAFF-R.

The INF family consists of pairs of ligands and their specific receptors referred to
#s TNF femily ligands and TNF family receptars (Bazzoni and Beutler, 1996). The family
is involved in the regulation of the immune system and possibly other nor-impnmological
systr.ms The regulation is often at a "master switch® feve] such thet TNF family signaling
_ean rr.sult in 8 large number of subsequent events best typified by TNF, TNF can initiate
the general protective inflammatory response of an organism to foreign invasion that
involves the altered display of adhesion molecules involved in cell trafficking, chemokine
production to drive specific cells into specific compartments and the priming of varions
effector cells. As such, the rapulation of these pathways has clinjeal poteatial.
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Induction of various ccllular responses mediated by sach TNF family cytokines is
believed to be initiated by their binding to specific cell receptors. At least two distinct TNF
receptors of approximately 55 kDa (TNFR1) and 75 kDa (TNFR2) have been identified
[Hohman et al, J. Biol. Chem. 764: 14927.14934 (1989) and Brockhaus et al,, PNAS, 87:
31273131 (1950)]. Extensive polymorphisms have been associated with both TNF
réceptor genes. Both TNFRs share the typical structure of cell surface receptors including
extracelhuler, transmembrane and intracellular domains, The extraceliular portion of type 1
and type 2 TNFRs contains a repetitive amino asid stquence pattern of four cysteine rich
domains (CDRs). A similar repetitive pattern if CDRs exist in several other cell surface
proteins, including p75 nerve growth fastor receptor, the B-cell antigen CD40 amongst
othezs,

The receptors are powerful tools 1o elucidate biological pathways via their easy
conversion to immunoglobulin fusion proteins. These dimeric soluble receptor forms are
good inhibitors of cvents mediated by either secreted or surface bound ligands. By binding
to these ligands they prevent the ligand from interacting with cell associated receptors that
can signal. Not only are these rmegtor~l§ fusion proteins useful in an experimental sense,
but they have been successfully used chinically in the case of TNF-R-Jg to treat
inflammatory bowel disease, rheumatoid arthrifis and the acute clinjeal syndrome
accompanying OKT3 administration (Fason et al,, 1996; Feldmann et al,, 1995; van
Dullemen et al, 1995). One can envision that mazipuiation of the many events mediaied
by sigualing through the TNF family of receptors will have wide application in the
treatrent of imemune based diseases and also the wide range of human diseases that have
pathological sequelae dus to immune system involvernent. A soluble form of a recently
described receptor, osteoprotegerin, can block the toss of bone mass and, therefore, the
eveats controlled by TNF family receptor signaling are not necessarily limited to immume
system regulation. Antibodies io the receptor can block ligand binding and hence can also
have clinical application. Such antibodies ate often very long-lived end may have

30
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While inhibition of the receptor mediated pathway represents the most exploitad

therapeutic application of these receptors, originally it was the activation of the TNF

receptors that showed clinical promise (Aggarwal and Natarwjen, 1996). Activation of the
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TNF receptors cen initiate cell death in the target cell and hence the application to tumors
was and still is ettractive (Eggermont et 2L, 1996), The receptor can be activated either by
administration of the ligand, ie. the natural pathway or some antibodies that can crosstink
the receptor are also potent agonists. Antibodies would have an advantage in oncology
since they can persist in the blood for long periods whereas the ligands generally have
short Kifespans in the blood, As many of these receptors may be expressed more
selectively in tumors or they may only signal cell death or differentintion in tumors,
agonist antibodies could be gond weapons in the treatment of cancer, Likewise, mnny.
positive immunclogical events are mediated via the TNF family receptors, e.g. host
inflanumedory reactions, antibedy production elc. and therefore agonistic antibodies could
have beneficial effects in other, non-oncological applications.

Paradoxically, the inhibition of 8 pathway may have clinical benefit in the
treatment of tumors. For example the Fas ligand is expressed by some tumors and this
expression can lead to the death of Fas positive Iymphocytes thus facilitating the ability of
the tumor to evade the immune system, In this case, inhibition of the Fas system could
then allow the immune system to react 10 the tumor in other ways now that access is
possible (Green and Ware, 1957,

SUMMARY OF THE INVENTION

)\j)plimnfs have identified a cDNA clone that encodes a polypeptide, designated in
the present application as “BAFF-R”, that hinds the tumor necrosis factor, BAFF, a B-call
aclivating factor belonging to the Tumor Necrosis Family. BAFF is the same molecule
previously described in WO/9912964, which is incorporated by reference herein,

In one embodiment, the invention provides methods of using BAFF-R. Included in
such methods are methods of stimulating B-cell growth, dendritic cell-induced B-call
growth and maturation or immunoglobulin production in an animal using BAFF-R

maturation or immunoglobulin production in an animsl using BAFF-R polypeptide and an
anti-T antibody, a CD40 Jigand or 2n anti-CD40 ligand. Also included are rethods of
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inhibiting B-cell growth, dendritic cell-induced B-¢21l growth and maturation or
immunoglobulin production in an enimal sing BAFF-R polypeptide.

In another embodiment, the invention provides methods of using BAFF-R in the
treatment of antoimmune diseases, hypertension, cardiovascular disorders, renal disorders,
R-cell tympho-proliferate disorders, immunesunpressive diseases, organ transplantation,
inflammation, and HIV. Also included are methods of using agents for treating,
suppressing or altering an immune response involving a signaling pathway between BAFF-
R and its ligand. :

In one embodiment, the invention provides pharmacentical compositions
comgrising a BAFF-R polypeptide and a pharmacentically acceptable excipient

In another embodiment, the invention provides chimerc melecules comprising
BAFF-R polypeptide fused to a heterologous polypeptide or amino acid sequence. An
example of such a chimeric molecule comprises a BAFF-R fused to a Fo region of an
immunoglobulin or an epitope tag sequence. '

In another embodiment, the invention provides an antibody that specifically binds
to 2 BAFF-R polypeptide. Optionally, the antibody is a menoctona! antibedy.




. BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the nucleic acig sequence (SEQ ID NO:2) of a cDNA for human
BAFF-R and its derived aming acid sequence (SEQ ID NO:1). Potential start of
5 translation at either nucleic acid residue 219 or 228; cysteine rich domain {CRD) at nucleic
aid residues 240-341 of SEQ ID NO: 2 (amino acid residugs 841 of SEQ ID NO:1); and
potential transmembrane region at nucleic acid residues 375-459 of SEQ ID NO:2.
Figure 2 shows the nucleic acid sequence (SEQ ID NO: 4) and its derived amino
acid sequeace (SEQ ID NO:3) of pISTS38, 2 plasmid encoding BAFF-R-Fe: nucleic acid
10 residues }-69, murine 1gG-kappa signal sequence; nucleic acid resigues 70-222, BAFF-
Ripucleic acid residues1-153); sucleic acid residues 223-906, buman I5G.

. Figure 3 shows the nucleic acid sequence of pJSTS35, a plasmid encoding a fall
. g length buman BAFF-R and its derived amino sacid ssquence,
= " 7" Figere 4 shows a shiuchure comparison between TNF-R55 and BAFF-R.
g 15 Figure 5 shows 293EBNA cells transfected with either (@)CH269 (1.0ug) or
i (b)pIST535 (0.1ug), the plasmid expressing fall leagth BAFF-R, and stained with 0, Sug/cal
iﬁ fiag-hBAFF in the plate assay format,
- Figure 6(z) shows FACS overlay of 293EBNA transfected with pIST53S and
5 stained as follows: no ligeod (black histogram), Ing/mi flag-hCD40L {pink) or flag-
!:; 20 hBAFF (green). Al samples were then stained with anti-flag M2 followed by donkey anti-
g . mouse IgG as described in methods in Example 2,

Figure 6(b) shows FACS histoprams with statistics of same experiment. Steiming is
as follows: (1)unstained, (2) 7AAD only, (3) 2% step and 7AAD only, (4) Jug/ml fiag-
BBAFT, (5) 3ug/ml flag-kBAFF , (6) lug/m! flag-hBAFF, (7) 0.33ug/ml flag-hBAFF, (8)
o % 0.11 ug/ml flag-hBAFF, (9)flag-hCD40L, Teg/ml,
Figure 7 shows Immunoprecipitations with BAFF-R-Fo as described in methods in
Example 4. Molccular weight standards in kDa are as labeled to the left of the figure, Lane

TS T WEAK () 125 g fleg B A, (3) o eeiplton of e
_ hBAFF byO_S_gE]_?A.FF-RfE conditioned media, (4) immunoprecipitation of fag-
30 hTWEAK by 0.5ml BAFF-R-Fc conditioned medig, (5) immumoprecipitation of no lgand
by 0.5ml BAFF-R-F¢ conditioned media, (6) Znmunoprecipitation of flag-hBAFF by
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0.5ml conditioned media from untransfected 293EBNA, (7) immunoprecipitation of flag-

hTWEAK by 0.5ml conditioned media from untransfected 203EBNA.

DETAILED DESCRIPTION

L Definitions

The term “BAFF-R” when used herein encompass native sequence BAFF-R and
BAFF-R variants (which are further deficed herein). The BAFF-R may be isolated from a
variety of sources, such as from murine or human tissue types or from another source, or
prepared by recombinant or synthetic methods,

A “pative sequence BAFF-R” comprises a polypeptide having the same amino acid
sequence as BAFF-R derived from nature, Such native sequence BAFF-R can be isolated
fiom nature or can be produce by recombinant or synthetic means. The naturally-cecurring
truncated or secreted forms of the BAFF-R (e.g. soluble forms containing for instance, an
extracellular domain sequence), naturally-cecurring variant forms (2.8, 2lternatively
spliced forms) and naturally-oceurming allelic variants of the BAFF-R. In one embodiment
of the invention, the native sequence BAFF-R is a mature or full-length native sequence
BAFF-R polyneptide comprising amino acids 1 1o 184 of SEQ ID NO: 1 or fragment
thereof,

The “BAFF-R extraceliular domain® or “BAFF-R. ECD” refers 1o & form of BAFF-
R which is essentially fiee of transmembrane and cytoplasmic domains of BAFF-R.
Ordinzrily, BAFF-R extrcelular domain will have less than 1% of such transmembrane
&nd cytoplasmic domains and will preferably have less than 0.5% of such domains.
Optionally, BAFF-R ECD will comprise amino acid residuss § to 41 of SEQ ID NO:L It
will be understood by the skitled artisan that the transmembrane domain identified for the
BAFF-R polypeptide of the present invention is identified pursuant to criteria routinely
employed in the art for identifying that type of hydrophobic domain. The exact boundaries
of a trensmembrane domain may vary but most lkely by no more than about 5 amino ecids

‘ateithierend of the domain"specifically mentioned hierein. “Accordingly; the BAFF-R ECD——"~—"-

may optivually comprise amine acids 8-41 (SEQ 1D NO:I).
“BAFF-R veriant” means an active BAFF-R as defined below having at least sbout
B0% amino acid sequence identity with the BAFF-R having the deduced amino acid

7
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sequence shown in SEQ ID NO:1 for a full-length native sequence BAFF-R or with s
BAFF-R ECD sequence. Such BAFF.R variants include, for instance, BAFF.R
polypeptides wherein one or more aming acid residues are added, or deleted, at the end or
C-terminus of the sequence of SEQ ID NO:1, Ordinarily, a BAFF-R variant will have at
least about 80% or 85% amino acid sequence identity, more preferably at least about 50%
amine acid sequence identity, and even more preferably at Ieast about 95% amino acid
saquénce identity with the armino acid sequence of SEQ 11 NO:1.

“Percent (%) smine acid sequence identity” with respect BAFF-R sequences
identified herein is defined as the Percentage of amino acid residues in 2 candidate
sequence that are identical with the aming acid residues in the BAFF-R sequence, after
oligning the sequences and introducing gaps, if necessary, to achieve the maximum percent
s;equence identity, and not considering any conservative substitutions as part of the
sequance ?dentity. Alignment for purposes of determining parcent amino acid sequence

* identity can be athieved in Various Ways st are within the skill in'ths arf, for instance,

using publically available computer software such 33 BLAST, ALIGN, or Megalign
(DNASTAR) software. Those siglled in the art can determine appropriate parametars for
measuring elignment, including any algorithms needed to achieve maximum alignment
Joverthe full lengfh of the sequences being compared.

e -'Ihf; term “epi!t-:;ettagged:wﬂe-n m-édh-emn refers t;>; ;hun££1c polypeptide
lx!-rnprising BAFF-R,ora dermmi sequence thereof, fused to a “tap polypeptide”, The tag
polypeptide bas enough residues to provide an epitope against which an antibody-can be
made, or which can be identified by some other agent, yet is short enough such that it doss
not interfere with activity of the BAFE-R. The tag polypeptide preferably also is faisly
unique so that the antibody does not substantially cross - react with other epitopes.
Suitable tag polypeptides generally have at least 6 amino acid residues and usually
between about 8 to about 50 amino acid Tesidues (preferably, sbout 10 to about 20
residues).

“IsTarEn " When wed 1 desenbe Ye VariGus polypeptides disclosed Here, meEs
polypeptide that has been identified and Separated and/or recovered from a compement of

38

ts natural environment. Contaminate companents of its natural envirotmment are materials
that would typically interfere with dizgnostic or therapeutic uses for the polypeptide, and
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may include enzymes, hormenes, and other poteinaceous or non- proteinaceous solutes.
In preferred embodiraents, the polypeptide will be purified (1) 10 2 degree sufficient to
obtain at least 15 residues of N-tenminal or internal amine azid sequence by us of a
spinning cup sequenator, or (2) to homogeseity SDSPAGE under non-reducing or
redueing conditions nsing Coomassie blue er preferably, silver stain. Yeolated palypeptide
ineludes polypeptide in situ within recombinant cells, since at least one component of the
BAFF-R’s natural environment will not be present. Ordinarily, however, isolated
polypeptide will be prepared by at least one purjfication step.

"The term “antibody” is used in the broadest sense and specifically covers single
BAFF-R monoclonal antthodies (including agorist, antagonist, and neutralizing
antibodies) and anti- BAFF-R antibody compositions with polyepitopic specificity. ‘The
1erm “monocions] antibody” us used herein refers to an antibody obteined from a
population of substantially homogeneous antibodies, Le. the individual antibodies
comprising the population are identical except for possible naturally-occurring mutations
that may be present in minor amounts,

A "purified preparation® or a "substamtially pure preparation” of a polypeptide, as
used herein, means a i::a!ypeptidc that has been separated from other proteins, lipids, and
from other substances, e.g., antibodies, matrices, ete., which are used to purify it

The texms, “treating”, “treatment” and “therapy™ a5 used herein refers to carative
therapy, prophylactic therapy, and preventative therapy.

The terms *peptides®, "proteins®, and "polypeptides” are used interchengsably
herein.

“Biologically active™ as used berein, means having en in vivo or in vitro activity
which may be performed directly or indizectly. Biologically active fraginents of BAFF-R
may have, for example, 70% amino seid hamology with the active site of the receptor,
more preferably at least 80%, and most preferably, at least 90% homology, Identity or

- homclogy withrespest to the Fecepior 15 defined HETein &5 the percintipe of aming acid

residues in the candidate sequence which ar identical to the BAFF-R residues in SEQ. ID.
NO. 1.




. The term “mammal” as used herein refets to any animal classified as 2 mammal
including humans, cows, horses, dogs, mice and cats, In preferred embodiment of the
invention, the mammal iz a human.

The practice of the present invention will employ, unless otherwise indicated,
s conventionsl techoiques of cell bology, ccll oulture, molecular biclogy, transgenic
biology, microbiology, recombinant DNA, and immunology, which are within the skill of
the art. Such techniques are described in the Jiterature.

Reference will now be made in detail to the present preferred embodiments of the
- invention. This invention relates to the uss of BAFF-R. and BAFF-R related molecules to
10 effect the growth and maturation of B-cells and the secretion of immunoglobulin. The

.‘ ' invention relates to the use of BAFE-R and BAFF-R related molecules to effect responses
" q of the imnyune systern, as necessitated by immune-retated disorders. Additionally, this
. = invention encompasses the treatment of cancer and immune disorders through the use of a

E; BAFF-R, or BAFF-R related gene through gens therapy methods.

"?‘, 13 * The BAFF-R and homologs theseof produced by hosts transformed with the

'é sequences of the invention, as well as native BAFF-R purified by the processes kaown in

i’u . the art, or produced from known amino acid sequences, are useful in & variety. of methods
g , for anticancer, antitumor and immunoregulatory epplications. They are also useful in

j tharapy and ruethods directed fo other diseases.

:g 20 Another aspect of the invention relutes to the use of the polypeptide encoded by the
3 isolated pucleic acid encoding the BAFF-R in “antisense” therapy. As used berein,

“antisense” therapy refers to administration or in situ generation of olipomclentides ot
their derivatives which specifically hybridize under celhular conditions with the celivlar
mRNA andfor DNA encoding the ligand of imterest, 50 18 1o inhibit expression of the
"’ 25 encoded protein, i.e, by inhibiting transcription and/or translation. The binding may be by
conventional base pair complementarity, or, for example, in the cass of binding to DNA
 Guplexes, fhrough specific interactions in the major groove of the dovble belix, Tngeverml,
“anftisense” therapy refers to a range of techniques generally employed in the art, and
includes any therapy which relies on specific binding to oligonuclectide sequences.
30 An antisense construct of the present invention can be delivered, for example, as an

expression plasmid, which, when transcribed in the cell, produces RNAwhichis
10




. complernentary 1o at least a portion of the cellular mRNA which encodes Kay-ligand.
Alternatively, the antisense construct can be an oligonucleotide probe which is generated
ex vive, Such oligonucleotide probes are preferably modified oligonucleotides which are
resistant to epdogenous nucleases, and are therefor stable in vivo, Exemplary nucleic acids
molecules for uss &5 antisense oligomucleotides are phosphoramidates, phosphothipats and
methylphosphonate analogs of DNA (Sez, e.g., 5,176,996; 5,264,564; and 5,256,775).
Additionally, general approaches to constructing oligomers useful in entisense therapy
have been reviewed, for example, by Van Der Krol et al, {1988) Biotechniques 6:938-576;
and Stein et al, (1988) Cancer Res 48; 2659-2668, specifically incorporated herein by
10 refaence.

<es e+ =—The BAFF-Reof the-invention;ag-discussed-above; isa n':embcr of the TNF

. receptor family. The protein, fragments or homologs thereof may have wide therapeutic

“h

iﬁ "-...anddingnostic spplicationseem . . . - .
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i The polypeptides of the invention specificatly interact with BAFF, a polypeptide
E 15 previously described in WO99/12964 incorporated by refereace herein. However, the
%.-3 peptides and methods disclosed berein enable the identification of molecules which
i3

B

i

: specifivally interact with the BAFF-R or fragments thereof
The claimed invention in certain embodiments includes rosthods of using peptides
derived from BAFF-R which have the ability to bind to BAFF. Fragments of the BAFF-Rs
. % 2 canbe produced in several ways, £.g., recombinantly, by PCR, proteolytic digestion or by
& chemical synthesis. Intemal or terminal fragments of 2 polypeptide can be generated by
removing one or more nucleotides from one end or both ends of 8 pucleic acid which
encodes the palypeptids, Expression of the mutagenized DNA. produces polypeptide
fragments,
’ 25 Polypeptide fragments can also be chemically synthesized using techniques known
in the art such as conventional Merrifield solid phase f- moc or t-boc chemistry. For
example, peptides and DNA sequences of the present invention msy be sbitrarily divided

Vo gty TS of deSired IeTRHT Witl R0 0veTiap OF \HE Fagment, oF divided 60 -
overlapping fragments of a desired Jength. Methods such as these are described in more
36 detail below.
Generation of Soluble Forms of BAFF-R
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Scluble forms of the BAFF-R can often signal effectively and hence can be
administered as a drug which now mimics the natural membrane form. It is possible that
the BAFF-R claimed herein are naturally secreted as soluble ¢ytokines, however, if not,
ons can resngineer the geze to force secretion. To create a soluble secreted form of BAFF-
R, one would remove at the DNA level the N-terminus transmembrane ragions, and some
portion of the stalk region, and replace them with a type I leader or altematively atype I
leader sequence that will allow efficient proteolytic cleavage in the chosen expression
system. A skilled artisan could vary the amount of the stalk region retainzd in the
secretion expression construct to optimize both ligand binding properties and secretion
efficiency, For example, the constructs containing all possible stalk jengths, i.e. N-
terminal trupcations, could be prepared such that proteins starting at amine acids 110 52
would result. The optimal length stalk sequence wonld restlt fiom this type of analysis.

Generation of Antibodies Reactive with the BAFE-R

The ivention also includes antibodies specifically reactive with the claimed
BAFF-R or its co-receptors, Anti-protein/anti-peptide antisera'or monoclonal antibodies
can be made by standard protocols (See, for example, Antibodies: 4 Labaratory Marmal
ed. by Hatlow and Lane (Cold Spring Harbor Press: 1988}}). A memmat such as a mouse,
a hamster or-rabbit can bejmmunized with an immunogenic form of the peptide,
Techniques for conferring immunogenicity on 2 protein or peptide include conjugation to
catriess, or other techniques, well known in the art,

An immunr.chuic pariion of BAFF-R or its co-receplors can be administered in the
preseoce of an adjuvant. The progress of immunization can be monitored by detestion of
antibody titers in plesma or serum. Standard ELISA or other immunoassays can be used
with the immunogen as antigen to assess the Jevels of antibodiss.

In a preferred embodiment, the subject antibodies are immunespecific for atigenic
determinants of BAFF-R or its co-receptors, e.g. antigenic determinants of & polypeptidz of
SEQ. ID. NO:1, or a closely related human or non-hagan mammaltien homolog (e.g. 70,

30

80 or 50 percent homologons, more preferably af Jezast D5 percent homologous). Inyeta

furtber prefemed embodiment of the present invention, the ant-BAFF-R or anti-BAFF-co-
seceptor antibodies do not substantially cross react (Le. react specifically) with a protein
which is e.g., less than 80 percent homologous to SEQ. ). NO:1; preferably less than 90

12
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. percent homologous with SEQ. ID. NO: 1; and, most preferably less than 85 percent
homologoeus with SEQ. ID.NO:1. By "not substantially cross react”, it is meant that the
- aniibody has a binding affinity for a non-homologous protein which is less than 10 percent,
more preferably less than 5 percent, and even more preferably less than 1 percentt, of the
5 binding affinity for a protein of SEQ. ID.NQ. 1.

The term znfibody as used herein is intended to inchnde fragments thereof which
are also specifically reactive with BAFF-R, or its receptors. Antibodies can be fragmentsd
using conventional techniques and the fragrments screened for utility in the ssme manner as
described above for whole antibodies, For example, F(ab; fragraents can be generated by

16 treating antibody with pepsin. The resulting F(ab'), fragment can be treated to reducs
- - -disulfide bridges-to-produce Fab' frapments~Fhe anttbodies-of the present invention are
further intended to include biespecific and chimeric molecules having anti-BAFF-R of
. . anti-BAFF-co -receptor activity. Thus, both monoclonal sad polyclonal entibodies (Ab)
directed against BAFF-R, and their co-receptors, and antibody fragments such as Fab® and
15 F(ab")y, can be used to block the action of the BAFF-R and its respective co-recoplors.

Various forms of antibodies can also be made using stapdard recombinant DNA

techniques. (Winter and Milstein, Nature 349: 293-299 (1951} spevifically incorporated by

—seference herein,)-For-example; chimeric-antibodies-can-he-constructed in which the
antigen binding domain from an animal antfbody is linked to a human constant domain
{e.g. Cabilly et ul., U.8: 4,816,567, incorporated herein by reference). Chimeric antibodies
may reduce the ohsarved immunogeaic responses elicited by anjral antibodies when used
in human clinical treatments,

In addition, Tecombinant “humanized antibodies™ which recognize BAFF-R orits
co-receptors can be synthesized. Huomanized antibodies are chimeras comprising mostly
, 25  uman Ig(3 sequences into which the regions responsible for specific antigen-binding have

been inseried. Animals are immunized with the desired antigen, the corresponding
antibodies are isolated, and the portion of the variable region sequences responsible for
s s == orespecific antigen-binding are removed: The animalderived antipen binding regions s thegg—— — " 0
" —cloned-into-the-appropriate-position of human antibody gepes in which the antigen binding
30 regions have been deleted. Humanized antibodies minimize the use of heterologous (e,

Ed
(=]
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inter species) sequences in human antibodies, and thus are less Iikely to elicit irmmims
responses in the treated subject.

Construction of different classes of recombinant antibodies can also be
accomplished by making chimeric or humanized antibodies comprising variable domains
and buman constant domains (CH1, CH?, CH3) isolated from different classes of
immunoglobulins., For example, antibodies with increased anfigen binding site viencies
can be recombinantly produced by cloning the antigen binding site into vectors carrying
the humsan : chain constant regions. (Aralanandam et al, J, Exp. Med, 177: 1439-1450
(1993), incarperated herein by reference.)

In addition, standard recombinant DNA techniques can be used to alter the binding
affinities of recombinant antibodies with their antigens by eltering amino acid residues in

*'the vicinity of the entigen binding sites, The antigen binding affinity of a humanized

antibody can be increased by mutagenesis based on molecular medeling. (Queenetal,

“Froc. Natl Acad. Sci. 86: 10029-33 {1989) incorporated herein by reference,

Generation of Analops: Production of Altered JNA and Peptide Sequences

Analogs of the BAFF-R can differ from the naturally occurring BAFF-R in amino
acid sequence, or in ways that do not involve sequence, or both. Non-sequence
modifications include in vivo or in vitro chemical derivatization of the BAFF-R. Non.
sequence modifications include, but are not limited to, changes in acetylation, methylation,
phosphiorylation, carboxylation or glycosylation.

Preferred analogs include BAFF-R biologically active fragments thereof, whose
sequences differ from the sequence given in SEQ. IDNQ. 1, by one or more conservative

amino acid substitutions, or by one or more non-conservative amino acid substitations,
deletions or fasertions which do not abolish the activity of BAFF-ligand, Conservative
substitutions typically include the substitation of one amino acid for another with similar
characteristics, e.g, substitutions within the followiog groups: valine, glycine; glycine,
alanine; valine, isoleucine, leucine; aspartic geid, ghitamic acid; asparagine, glutamine;

30

senne, threohiie; [ySing, aFmine &5d; Phenylalening, (yrosine.
Uses

The full length BAFF-R pene (SEQ ID NO 2) of portions thereof may be used ag
hybridization probes for a cDNA Library {o isolate, for instance, still other genes which

4




. have a desired sequence identity to the BAFF-R sequence disclosed in SEQIDNO. 2.
Nucleotide sequences encoding BAFE-R can also be used to construct hybridization probes
for mapping the gene which encodes the BAFF-R and for the genetic analysis of
individunls with genetic disorders. Screcning assays ¢an be designed to find lead

5 componnds that mimic the biological activity of 8 BAFF-R. Such screening assays will
include assays amenable to high-throughput screening of chemical lbraries, making them
particalarly suitable for identifying small molecule drug candidates. Small molecules
contemplated include synthstis: nrgfmic or inorganic cgmpounda. Nucleic acids which
encode BAFF-R or its modified fnnéas can also be used to generate either transgenic

10 animals or “knock out” enimals which in turn are usefl in the dzvelopment and screening

of therapeutically useful reagents.

. As described herein, in one embodiment of the invention, there are provided

. . g methods of stimulnting B-¢ell growth, dendritic cell-induced B-cell growth and maturation
= or immunoglobulin production in an animal using BAFF-R polypeptide or co-stimulating
lg 15 Becell growth, dendritic cell-induced B-cell growth and maturation or immunoglobulin
_{-‘1‘ production in an animal using BAFF-R. polypeptide and an anti-T antibody, a CD40 ligand
m or an anti-CD40 ligand Also incleded are methods of inhibiting B-cell rowth, dendritic
a "Zéllnduced B-zell Browh: and mafuration or immunogiobulin production in an animal
;:3 " nsing BAFF-R polypeptide.
- 0 In ancther embodiment, the invention provides methods of using BAFF-R in the
;g treatment of antoimmune diseases, hypertension, cardiovescular disorders, renal disordess,

Bcell lympho-proliferate disorders, immunosuppressive diseases, organ transplantaticn,
inflammation, and HIV. Also tncluded are methods of using agents for treating,
suppressing or altering an immune response involving o signaling pathway betwesn BAFF-
Q 25 Roand ity ligand.
. In ose embodiment, the invention provides pharmaceutical compositions
comprisiog a BAFF-R polypeptide and a phanﬁaceuticaily acceptable excipient. Suitable
o mmmes o ~——uamiers for @ BAFF-R polypeptide; for instaies; i tHeir fofmulatons, & descobed in-
--=— -Reminpton’ Pharmaceutical Suiences, 16” ed., 1980, Mack Publishing Co., edited by Oslo
30 ctal Typically an appropriate amount of a pharmaceutieally acceptable salt is used in the
formulation to render the formulation isotonic. Examples of the carrier include buffers

15
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such as saline, Ringer’s solution and dextrose solution. The pH of the solution is
preferably from about 5 to abowt 8, and more preferably from about 7.4 to about 7.8.
Fusther carriers include sustained release preparations such as semipermeable matrices of
salid hydrophobic polymers, which matrices are in the form of shaped articles, «.g.
liposomes, films or microparticles. It will be apparent to these of skill in the ast that
certain carriers may be more preferable depending upon for instance the route of
administration and concentration of the 3 BAFF-R polypeptide being administered.

Administration may be accomplished by injection (eg intravenous, intraperitoneal,
subzutaneous, intramuscalar) or by other methods such as infusion that ensare delivery to
the bloodstream in an effective form.

Practice of the present invention will employ, unless indicated otherwise,

" eonventionsl fechaiqacs of cell biology, cell culture, molecular biclogy, microbiology,

recombinant DNA, protein chemistry, and immunology, which are within the skill of the
art. Such tcchnii;uw are described in the literature. See, for example, Molecular Cloning:
A Laboratory Manual, 2nd edition. (Sumbrook, Fritsch and Maniatis, eds.), Cold Spring
Harbor Laboratory Press, 1989; DNA Cloning, Volumes [ and I (DN. Glover, ed), 1983
Oligonneleotide Synthesis, (ML, Gait, ed.), 1984; U.S, Patent No. 4,683,195 (Mulliset
al,.); Nueleic Acid Hybnﬂuntmn (B.D. Hames and SJ Higgms, cﬂs D 1984
T franseription and Translaion (B.D, Harmes and §.J. Higgins, eds.), 1984; Culture of
Animal Cells (R1. Freshoey, ed). Alan R Liss, Inc,, [987; Tmmobilized Cells and
Enzymes, IRL Press, 1986; A Practical Guide to Molecular Cloning (B. Perbal), 1984;
Methods in Enzymology, Volumnes 154 and 155 (Wu ct al,, eds), Academic Press, New
York; Gene Transfer Vectors for Mammalian Cells (JH. Miller and M.P. Calos, eds.),
1987, Cold Spring Habor Laboratory; fmmunochemical Methods in Cell and Molecular
Biology (Mayer end Walker, eds.), Academic Press, London, 1987; Handbook of
Experiment Immunology, Volumes I-IV (DM, Weir and C.C. Blackwell, eds.), 1986;
Manipaiating the Monse Embrya, Co[d Spring Harbor Laboratory Press, 1986.

30

The follGwing EXaples aré provided 1o iIustate the present Invention, and showid
rot be construed as limiting thereof,
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EXAMPLES:

fxamplel: Detection of BAFF binding to BAFF-R using 2 Plate Assay

In this example, the binding of BAFF to BAFF-R trosfected cells using a plate
assay, is described.

Full-length human BAFF-R was gencrated from BJAB polyA+ RNA using the
Superscriptll preamplification kit (Life Technologies) to generate the cDNA template and
amplified by Pfus] using primers complementary to the 5” and 3° coding sequences of
BAFF-R. The PCR product was cloned into CH269, & derivative of pCEP4 (Invitrogen).
The resultant clone was termed pIST535. Human embryonic kidney cells containing the
EBNA-1 gene (293EBNA) were seeded into 6 well plates coated with fibronectin and
transfected by lipofectamine (Life Technologies) with ejther pJSTS35 at varions dilutions
or CH269 as a background control, At 48 hus post transfeetion, transfected cells were
assayed for their ability 1o bind soluble flag-NBAFF (amino acids L33-L285) as follows.
All incubations were ot roosn temperature. Conditioned medin wes aspirated from the
wells and the cells washed with BHA buffer (20mM HEPES pH7.0, 0.5mg/ml BSA, 0.1%
NzN3) and incubated with 0.5ug/ml FLAG-hBAFF diluted in PBS containing ImM

" “MgCl2; [mM CACI2 and 0.1% NaN3. Afier an § k. incubation, the BAFF solution was

removed and the cells were washed with BHA. The cclls were next incubated foz 30min.
in a PBS solution comaining Tug/ml of the anti-FLAG monocicnal antibody, M2 (Sigmaz).
This solution was aspirated and the cslls were washed with BHA. The cells were then
incubated for 30 min. ia a 1:3000 dilution of the alkaline phosphatase conjugated goat anti-
mouse IgG F(ab)'2 (Jackson ImmunoResearch). This sohution was aspirated and the cells
washed with BHA. To reduce the zmount of backeround staining due to endogenous
alkaline phosphatsse, the eells were incubated for 15 min. in 2.5mM levemisol (Vectar
Leboratories) diluted in 100mM NaCL 100mM Tris-Cl pHO.5 and 5mM MgCI2. For
chromogenic detection of alkaline phosphatase, the inhibitor solutios was aspirated and the

—‘—“ceilswzre-jncuba;cd‘vzith‘a‘smﬁunvfﬁstmmphﬁmmmﬁﬁfgmw*““"“""'"

30

was observed and photographed through a low power microscope.

Results:

17




. The deposition of fast red dye was observed for all the wells transfected with the BAFF-R
expressing plasmid, pJST535. The frequency of the signal titrated awny 2s the amount of
plasmid transfected into the cells decreased. No staining was observed for the control
expression vector, CH269, uansfected cells. Also, no staining was observed on any of the

5 transfected cells when FLAG-hBAFF was omitted from the staining staining protocol or
when anothet TNF family member ligand, FLAG-tapged LIGHT, was sobstituted for flag-
WBAFF. Therefore the staining of BAFF-R transfected cells with BAFF appears specific.

Example 2: BAFF Binding to BAFF-R transfected cells by FACS analysis

10 This example describes the detection of BAFF to BAFF-R transfected cells using
FACS apalysis.

,\. The plasmid encoding full-length BAFF-R, pIST535, was transfected into

. g 293EBMNA cells using FuGene6 (Boehringer Mannheim), At24 or 48hr post transfection,
;‘ 0 cells wers removed from the plates using SmM EDTA in PBS and counted. The cslls were
;g 1§ washed twice with FACS buffer (PBS conteining 10% fetsl bovine serum, 0.1% NaN3 and
B 10 ug/ml kigG (Jackson ImmunoResearch) and then 2.5 x 10° cetls were incubated for 1hr
P on ice with FLAG-EBASF diluted into FACS buffer at concemtrations ranging fom 9
;3 ug/mal 10 0.037 ug/ml. The cells were washed with FACS tuffer ang incubated with the

19 anti-FLAG monoclonal antbody, M2, at 5 ug/mt for 30 min. on ice. The cells were

20 washed with FACS buffer and incubated for 30 min. on ice in a solution cootaining a 1:100
] dilution of R-phycoerythrin conjugated F(ab')2 donkey and-mbuse [gG and 10ug/ml 7-
AAD. After the cells were washed with FACS buffer, they were resuspended in FACS
buffer containing 1% paraformaldehyde. FACS anaysis followed wheze the 7-AAD
positive {dead) cells were gated out.

@ -
Results:

The results of the FACS anslysis indicate that a fraction of the ceils that were transfected

U, . BAEF-R are able to bind BAFE. At 2 BAEE concentration-of$-ug/mi;about-28%-of
. thecelisbind BAFF for a mean {luorescence intensity (MFT) of 366. Using the PE-labeled
30 donkey anti-mouse reagent alone, there is not a significant shift of the ezlls, Only 1.3% of

the cells have a MFI of 23.5 with the average of all the cells being 5.5. The signal on the

18
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BAFF-R transfected cells titrates out with decreasing amounts of BAFF. At 100 ngfmi,
8.76% of the cells have an MF1 0f 78.9.

Esample 3: FACS snalysis of BAFF/BAFF-R interaction including a GFP marker

Tn this exemple, the ability of BAFF to bind to cells co-transfected with BAFF-R
and a GFP reporter plasmid is described,

The 293EBNA cells were transfeeted with pJST535 and a GFP reporter plasmid, as
described i example 2. The reporter plasmid encodes a membrane anchored GFP
molegule.  Using co-transfection of the two plasmids, we analyzed the percentage of
transfected cells which were capable of binding BAFF. The cells were removed from the
plates and subjected to BAFF binding and detection as described in example 2. Apein, 7-
AAD was included in order to gate out the dead cells. The samples were analyzed by

_“:;1‘ . ——__FACS.and plotied. The-upper.right quadrant represents.cells with bound BAFF - .

{phycoerythrin positive) and expressing GFP.

Resmlts:
Although not all of the GFP transfected c<lls appear to bind BAFF, there is a significant

. ~fraction of the calls in the apper right.quadrant compared-to-the control. Thirty-three

percent of the transfected cells are in the upper right compared to 8 percent It may be that
a certain level 5f BAFF-R expression is reguired for BAFF to bind to the cells. Itisalso
possible that a co-receptor is required for  high affinity interaction and that this receplor is
limiting on the 293EBNA cells,

Example 4: Immuncprecipitation of fag-hBAFF by BAFF-R-Fe Fusion

This examplc describes specific interaction of flag-hBAFF with BAFF-R-F¢, ¢
melecule composed of the Cysteine Rich Domain (CRD) of BAFF-R fused to the Fe
domzin of human IgG1. '

0

The CRD'f BAFF-R was geriérated 5y RT-PCR from BJAB polyA+ RNA asin
Esxample 1 using as 23" primer an oligo complementary to mucleotides 132-132 of the
KBAFF-R coding sequence. The resultant PCR fragment was cloned in CFL269

i
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-+ ~anialysis witli 0SS Rat-minn [5G (JAckeon mmunoresearch), maicatng that the BAFF-

downstream of a murine 1gG-kappa signal sequence and upstream of the Fo moiety of
tuman 1gG. This construct was termed pJST538. The construct pJST338 o CH269 were
transfected to 203EBNA by lipofectamine, Conditioned media and cell extracts were
harvested at 20 hours post transfection. Cells were solublized in 20mM Tris pH7.5/50mM
Nacl/ 0,5% NP40/ 0.5% deoxycholic acid apd debris spum out. An eliquot of the
conditioned media and cell extracts were combined with an equat vohume 2x SDS reducing
buffer, boiled and subjected to SDS-PAGE and Westem transfer. To verify expression, the
membrane was probed with 1:3000 dilution of mouse anti-buma IgG confugated o harse
radish peroxidase (HRP) in 5% nonfat dry-milk in TBST et room temperatuze for 3o
minutes and washed with TBST. Blots were developed with ECL (Amersham) and
exposed 1o film.

Itmmumoprecipitations were performed by incubating 25ng of either {lag-hBAFF or flag-
RTWEAK with 0.5 m1 of conditioned media from 293EBNA transfected with either
pIST538 or CH269 at 4*C for 1 hour with agitation followed by the addition of 30ul
ProteinA-Sepharose (Pharmacia) and continced agitation overnight. ProteinA-Sepharose
beads were washed twice with PBS and resuspended in 2xSDS reducing sample tuffer.
After SDS-PAGE and western transfer, the blots were incubated with Sug/ml anti-flag
monoclonal antibody M2 (Sigma) in 5% nonfat dry milk in TBST at reom temperature for
1 hour. Blots washed with TBST and incubated with a 1:3000 dilution of goat anti-mouse
1gC HRP conjugete (Jackson Immunarescarch) in 5% nonfat dry milk in TBST at room
temperature for 30 minates. Blots ware developed with ECL {Amersham) and exposed 1o
flm. -

Resulis:
Upon transfection of pJST538 to 293EBNA cells, expression of an approximately 43kDa
protein was detected in both the cell extract end conditioned medinm by Western blot

R-Fe fusion was efficiently expressed and secreted,

20
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In the immunopresipitztions & band was observed enly as a result of the incubation of

BAFF-R-Fc and flag-hBAFF. This band co-migrated with a directly loaded sample of
flag-hBAFF. None of the othez lanes produced 2 signal, indicating that the interaction
petween BAFF-R-Fc and flag-hBAFF is specific.

Example 5: Generation of Soluble Receptor Forms:

To form an receptor inhibitor for use in man, one requires the human receptor
cDNA sequence of the extracellular domain. If the mouse form is known, human cDNA
libraties can be easily screened using the mouse cDNA sequence and such manipulations
are rontinely carried out in this area. 'With a human cDNA sequeace, one can design
oligonucleotide primers to PCR amplify the extracelfular domain of the receptor in the

_ pbsence.of the transmembrane and intragellular domains. Typically, onc includes most of
the amino acids between the last disulfide linked "TNF domain” and the transmembrane

* domain. One could vary the amount of "stalk” region included to optimize the potency of

the resultant soluble receptor. This amplified picce would be eagineered to include

suiteble restriction sites to allow cloning into varions C-terminal Ig fusion chimera vectors.
~ AltEmatively; ofi.could insert a stop signal 2t the 3' end and make 2 soluble-form of the

receplor without resorting to the use of a Ig fusion chimera approach. The resultant vestors

. -carbe-expressed in most systems-used-in biotechnology including yeast, insect cells,

bacteria and mammalian cells and examples exist for all types of expression. Various
‘human Fc domains can be attached to optimize or eliminate FcR and complement
interactions as desired. Alternatively, mutated forms of these Fo domains can be used to
selectively remove FeR or complement interactions or the attachment of N-linked sugars to
the Fe domain which has certain advantages.

Example 6: Generation of Agonistic or Antagonistic Antibodies:

i

s Fhe-ghove-described-soluble receplor forms can be used to immunize mice and to

make monoclonal antibodies by conventiona! methods, The resaltant mAbs that are
identified by ELISA methods can be firther screened for sgonist activity either as soluble
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antibodies or immobilized on plastic in various in vitro cellular assays. Often the death of
the HT29 cell line is 2 convenient system that is sensitive to signaling through many TNF
receptors. If this line does not possess the receptor of interest, that full length receptor can
be stably transfected into the HT29 line to now allow the cytotoxicity assay to work.
Alternatively, such cells can be used in the Cytosensor apparatus to assess whether
sotivation of the receptor can elicit a pH change that is indicative of a signaling event.
"I'NF family receptors signal well in such a format and this method does not require one to
know the netual biological events triggered by the receptor. The agonistic mAbs would be
"bumanized” for clinieal use, This procedure can also be used to define antagonistic
mAbs. Such mAbs would be defined by the lack of agonist activity 2nd the ability to
fubibit receptor-ligand interactions as monitored by ELISA, classical binding or BIAcore
technié?lg: I.a?u;r—.t—l;c induction of chemokine secretion by various cells in response to an
agonist antibody can form & screening assay.

Exsmple 7: Screcning for Inhibitors of the Receptor-Ligand Interaction:

Using the receplor-Ig fusion protein, one can screen either combinatorial libraries

for molecules that can bind the receptor directly. These molecules can thea be tested inan

"ELISA formatted assay using the receptar-Ig fusion protein and a soluble form of the
Tigand for the ability to inhibit the receptor-ligand interaction. This ELISA can be used
directly to scresn varions natural product Hbraries ete. for inhibitory compounds. The
receptor can be transfested into » cell line such as the HT29 line to form a biological assay
(in this case cytotoxicity) that can then form the screening assay.

It will be apparent to thase skilled in the art that various modifications and
variations can be made in the polypeptides, compositions and methods of the invention
without departing from the spirit or scope of the invention, Tims, it is intended that the
presznt invention cover the modifications and variations of this juvention provided that

T T ey BoThE WitHiD the Scope of (he sppended claims and their equivalents.
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What is claimed is:

A method of stimulating B-cell growth in an amimal ecrprising the step of
administering a therapenticatly effective amount of a composition comprising &
BAFF-R or an active frapment thereof,

The method according to claim 1, wherein the BAFF-R is a soluble BAFE-R.

The method according 10 claim 2, wherein the soluble BAFF-R is a recombinant
BAFFR. - - - = A

4, The method according 1o claim 1, wherein the anjmal is of mammalian ozrigin,

5. The method according to claim 4, wherein the mammal is kuman.

6.  Amethod of stimulating immunoglobulin predection in an animal comprising the

= gep of administering a therapeutically effective amount of a composition
comprising a BAFF-R or an active fagment thereof.

7. The method according to claim 6, wherein the BAFF-R is 2 soluble BAFF-R.

8. The method according to clalm 7, wherein the soluble BAFF-R is a recombinant
BA?F'R-»- + - . - + . - .~ - - -

9. The method according to claim 6, wherein the animal is of mammalian origin.

- 10, The method accarding to claim 9, wherein the marmmal is htman,

11. A method of co-stimulating B-cell growth and immunoglobulin produstion in an
animal comprising the step of administering a therapeutically efiective amount of 3
composition comprising a BAFF-R or an active frapment thereof,

12, The method according to claim 11, wherein the BAFF-R is a soluble BAFF-R.

13.  The method sccording to claim 12, wherein the soluble BAFP-R is a recombinant
BAFF-R

14.  The method according to claim i1, wherein the animal is of mammalian origin.

15.  The method according to claim 14, wherein the mammal is human.

i6. A method of stimulating dendritic cell-induced B-cell growth and maturation

comprising the step of administering a therapentically effective amountof a
composiion comprising 2 BAFF-R, or an active fragment thereof.

3




17.  The method according to claim 16, wherein the BAFF-R is a soluble BAFF-R.

13.  The method according to claim 17, wherein the soluble BAFF-R is a recombinant
5 BAFF-R.

19.  The method according to claim 16, wherein the raimal is of mammalian origin,

20.  The method according to claim 19, wherein the memmal is uman.
10
21. A method of inhibiting B-cell growth in an animal comprising the step of
administering a therapeutically effective amowat of a composition selected from the
——group-congistingof .- - s om0 T -
(2) a anti-BAFF-R molectle or an active fragment thereof;
15 (b) & recombinant, inoperative BAFF-R molecnle or an active fragment
thereof -
-~ ++ = (¢) an antibody specific for BAFF-R oran active fragment thereof; and
(d) an antibody specific for BAFF-R or an epitope thereof.

1}

E 20 32.  Themethod according to.claim 21, whereinthe anti-BAFF-R is soluble.

;g 23, The method according to claim 22, wherein the soluble anti-BAFF-Ris2

1 recombinant anti-BAFF-R

4 5 24 Themetbod sccording to chaim 21, wherein the auti-BAFF antibody is a

s monocional antibody.

= VD GRS

A 45, "Thé method according to claim 21, wherein the animal is of mammalian origin.

B

"g 30 26, Themethod sccording to claim 25, wherein the mamenal is huroan.

! . -

i 27 A method of inhibiting immunoglobulin production in an enimel comprising the
stzp of administering & therapentically effective amount ofa composition selected
from the group consisting oft

35 {8) a anti-BAFF-R molecule or an active fragment thereof,
{b) a recombinant, inoperative BAFF-R molecule or an active fragment

A thereof}
@ ) (¢) an antibody specific for BAFF-R or an active fragment thereof; and

(d) an antibody specific for BAFF-R or an epitope thereofl

40

28, Themethod.according to.claim 27, wherein the anti-BAEE-R issoluble.— —
29,  The method accarding to claim 28, wherein the soluble anti-BAFF-R isa
recombinant anti-BATF-R.
45

30.  The method according to claim 27, wherein the anti-BAFF-R antibody isa
monoclonal antibody.
24
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32

33

The method according to claim 27, wherein the animal is of mammalian ongin.
The method according to claim 31, wherein the mammal is human.

A method of co-inhibiting B-cell growth and immunoglobulin production insn
animal comprising the step of administering e therapeutically effective amount ofa
composition selected from the group consisting of:
{a) a anti-BAFF-R molecule or an active fragment thereof;
(0} a recombinant, inoperative BAFF-R molecule or an setive fragment
thersof;

. .{o) anantibody specific for BAFF-R or an active fragment thereof; and

34,

35
36,

kY
38
EFA

40.

41,
42,  The mﬂgémpmw_dw,whmm.mﬁMMﬁbodyjs a
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{d) anantibody specific for BAFF-R or 21 epitope thereof.
The method according i claim 33, wherein the anti-BAFF-R is soluble.

The method according to clair 34, wherein the soluble anti-BAFF-R.is a
recombinant snti-BAFF-R.

The method according to claim 33, wherein the anti-BAFF-R antibody isa
monecional antibody,

The method accosding to claim 33, wherein the animal is of maramalian origin.

The method according to claim 37, wherein the mammal is human.

A method of inhibiting dendritic cell-induced B~cell growth and maturation in an

animal comprising the step of administering a therapeutically effective amount of 2
composition selected from the group consisting of:
(2} & anti-BAFF-R ruolecule or an active fragment thereof;
(b} a recombinant, inoperative BAFF-R molecule or an active fragment
thereof;

{©) an anﬁfmdy specific for BAFF ligand or an active fragment thereof; and
{d) 1 antibody specific for BAFF-R or an epitope therenf.

The method according to claim 39, wherein the anti-BAFF-R is soluble.

The method according to cleim 40, wherein the soluble ant-BAFF-Risa
recombinant anti-BAFF-R. )

monoclonal antibody.
The method according to claim 39, wherein the animal is of mammalian orgin.
The method according to claim 43, whercin the mammal is humaz.
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. 45. A method of treatment of an antoimmune disease comprising the step of
administering a therepeutically effective amount of & composition selected from the
grovp consisting of:

(a) & BAFF-R or en active fragment thereof,
5 (b) a anti-BAFF-R molecule or an active fragment thereof;
{c) arecombinant, inoperative BAFF-R molecule oran active fragment
thereof;
(d) an antibody specific for BAFF-R or an active fragment thereof; and
() an antibody specific for BAFF-R or an epitope thereof.
10
45,  The method according o claim 45, wherein the BAFF-R is a soluble BAFF-R.

47.  ‘he method according to claim 46, wherein the soluble BAFF-R is a recombinant
BAFF-R.
15
4%,  The method according to elaim 45, wherein the anti-BAFF-R is soluble.

49.  The method according to claim 48, wherein the souble anti-BAFF-Risa
recombinant anti-BAFF-R.

i
50,

5L
52,
53.

3

34,

33

40

The method according to claim 45, wherein the anti-BAFF-R antibody is a
monecionat antibody.

The method according to claim 45, wherein the animal s of mammalian origin.
The methed according to claim 45, wherein the mammal is human.

A method of treating a disorder related to BAFF-ligand comprising the steps oft

(a) introducing into a desired cell a therapeutically effective amount ofa
vector containing a gene encoding for a BAFF-related molecule; and
(b) expressing said gene i said cell. . .

The method according to claim 53, wherein the BAFF-related molecule is sclected
from the group consisting oft

{2) a BAFF-R or an active fragment thereof;

{b) 2 anti-BAFF-R molzcule or an active fragment thereof;

(c) & recombinant, inoperative BAFF-R molecule or &n active fragment
thereof; :

(d) = antibody specific for BAFF-R. or an active fragment thereof; end

(¢} an antibody specific for BAFF-R or an epitope thereof.

55.  The method sccording to ¢laim 54, wherein the BAFF-R is a soluble BAFF-R.

56.  The method according to claim 55, wherein the soluble BAFF-R is a zecombinant
45 BAFF-R. -

57.  The method according to claim 54, wherein the snti-BAFF-R is soluble.
26




The method according to claim 54, wherein the soluble anti-BAFF-Risa
recombinant anti-BAFF-R.

The method aceording to clzim 54, wherein the anti-BAFF-R antibody is a
monoclonal antibody,

The method according to claim 54, wherein the apjmal is of mammalian origin
The methed accerding to clsim 60, wherein the mammal is homan,

A methed of indacing cell death comprising the administration of an agent
capable of interfering with the binding ofa BAFF-R to BAFF.

A method of treating, suppressing or sltzzing an immune respense

.— involving a signaling pathway between a BAFF-R and BAFF

comprising the step of administering an effective amount of an agent
capable of interfering with the association between the BAFF-R and BAFF.

' Tm&hﬁ;%;mﬁmm : -'un.c:m”pnm' ing the step of administering istering a
therapeutically effective amount of an antibody specific fora BAFF-R or an sctive
fragment thereof.

A method of iphibiting inflammation comprising the step of administering a
therapeutically effective amonnt of an antibedy specific fora BAFF-R oran
epitope thereof,

A method of regulating hemstapoietic cell development comprising the step of
administering a therapeutically effective amount of a BAFF-ligend or an active
fragment thereof,

A method of treating, suppressing or altering an immune response
involving a signaling pathway between e BAFF-R and BAFF
comprising the Step of administering en effective amount of an agent
capable of interfering with the association BAFF-R and BAFF,

A method of treating hypertension in an animal comprising thestepof
administering a therapeuticatly effective amonnt of a B-cell growth inhibitor.

The method according to claim 68, whercin the B-cell growth inhibitor is selected
from the group consisting of:

58.
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(2) a anti-BAFF-R molecule or an active fragment thereofs
(b) a recombinant, inoperative BAFF-R molecule or an active fragment
thereof, )

{c) an antibody specific for BAFF-R or an active flagment thereof; and
(d) an antibody specific for BAFF-R or an epitope thereof.
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The method according to claim 69, wherein the anti-BAFF-R is soluble.

The method according to claim 70, wherein the soluble anti-BAFF-Risa
ecombinant anti.BAFF-R.

The method according 1o claim 69, wherein the anti-BAFF-R antibody is 2
megeclona! antibody,

The method according to claim 69, wherein the animal is of mammalian orgin.

“The method according to claim 73, wherein the mammal is boman.

75. —A-method-of treating hypertension in an animsl comprising the step of

administering a therapeutically effective amount of a co-inhibitor of B-cell growth
and immunoglebulin secretion.

A method-of treating cardiovasculardisordersin an animal comprising the step of
administering a therapeutically effective amount of a B-cell growth inhibitor.

71 .-—A method.of treating cardiovascular disorders-in-an animal comprising the step of

administering a therapeutically effective amount of a co-inhibitor of B-cell growth
and immmoglobulin production. .

A method of treating renal disorders in an animel comprising the step of
edministering » therapeutically effective gmount of a B-cell growth inhibitor.

A method of treating repal disorders in an animal comprising the step of
adminfstering a therapeutically effective amnount of a co-inkibitor of B-cell growth
and immumoglebulin production

A method of treating Bcell lympho-proliferate disorders comprising the step of
administering a therapeutically effective amount of 2 B-zell growth inhibitor.

A method of stimulating B-¢ell production in the trestment of immunosuppressive
diseases comprising the step of administering 2 therapeutically effective amount of
o composition selected from the group consisting of:
() a BAFF-R or an active fragment thereof;
(f) s anti-BAFF-R molecule or zn active fragment thereof;
(£) & recombinant, inoperative BAFF-R molecule or an active agment
thereof;
(h).an entibody specific for BAFE-R. oran active fragment thereofand - — — oo oo

70,
1.
5
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10
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82.

45

(1) an antibody specific for BAFF-R or an epitope thereof

" A method of stirhulating B-cell production in the treatment of an

immunosuppressive disease comprising the step of administering a therapeutically
effective amount of a composition selected from the group consisting oft
(1) a BAFF-R or an active fragment thereof;
28
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83,

g4.

B5.

87.

{k) a anti-BAFF-R molecule or an active fragment thereof;

() arecombinant, inpperative BAFF-R molecule or an sctive fragment
thereoft end

{m)an antibody specific for BAFF-R or an active fragment thereof; and

(n) m aptibody specific for BAFF-R or an epitope thereof,

A method eccording to claim 82 wherein the immunosuppressive disease is HIV.

A method aceording 10 claim B2 wherein the immunosuppressive disenss is
associated with an orgen transplantetion. '

A pharmaceutical composition: comprising-a-therapeutically-effective amount of 2n
isolated BAFF-R polypepfide or a fragment thereof and a pharmaceutically
acceplable carmier.

The isolated BAFF-R polypeptide of claim 85 wherein the BAFF-R polypeptids is
selected from the group consisting of!
g) =nisolated native sequence BAFF-R polypeptide comprising amino acid
residues 1 to 184 of SEQ ID NO:1 or a fragment thereof;
b} =n isolated BAFF-R polypeptide having at least £0% amino acid sequence
identity with native sequence BAFF-R polypeptide comprising amino acid
residues 1 to 184 of SEQ ID NO; 1 ora fregment thereof]
¢) an isolated- BAFF-R. polypeptide having at least 90% nmino acid sequence
identity with native sequence BAFF-R polypeptide comprising amino acid
residuss’1 15 184'of SEQ ID NO: 1 or a fragment fhercof]
d) an isolated sequence BAFF-R polypeptide comprising amine acid residues 1
to 52 of SEQ ID NO. 1 or a fragment thereof; and
€) an isolated sequences BAFF-R polypeptide comprising amino acid residues 8
to 4} of SEQ ID NO. 1 or a fragment thereof.
A chimeric molecule comptising:
a) aBATF-R polypeptide selected from the group consisting of:
i) sanisolated native sequence BAFF-R polypeptide comprising amino acid

s = resides T84 of SEQTDNO:Tors fragament therefy —~"" "~~~ ———==-—

ii) en isolated BAFF-R, polypeptide having at least 80% amino acid sequence
identity with native sequence BAFF-R polypeptide comprising amine acid
residues 1 to 184 of SEQ IDNO: | or a fragment thereof;
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if) an isolated BAFF-R polypeptide having at east 50% amino acid sequence
identity with native sequence BAFF-R polypeptids comprising amino acid
residues 1 to 184 of SEQ [D NO: | or a fragment thereof,

iii) an isolated sequence BAFF-R polypeptide comprising amino acid residues
110 52 of SEQ ID NO. 1 or a fragment thereof; and

iv) an isolated sequence BAFF-R polypeptide comprising amino acid residues 8
10 41 of SEQ IDNO. 1 or 2 fragment thereaf,

b) fused 1o & heterologous amino acid sequence.
88.  The chimeric molecule of claim 87 wherein the heterologous amino acid sequence
10 is an inmunoglobulin sequence.
89,  The chimeric molecule of claim 88 wherein the immumnoglobulin sequence is an
" 1gG Fedomain.
c) Anantibody which binds to a BAFF-R polypeptide selected from the group

f ]

e

(9;

BB L TEEHEDY B

15

20

consisting oft

§) anisolated native sequence BAFF-R polypeptide comprising armino acid
residues 1 to 184 of SEQ ID NO:1 or a fragment thereof;

if) en isolated BAFF-R polypeptide having at least 80% amino acid sequence
identity with native sequence BAFF-R polypeptide comprising &mino acid
residuss 1 to 184 of SEQ ID NO: 1 or a fragment thereof;

i1} an isolated BAFF-R polypeptide having at least 90% aemine acid sequence
identity with native sequence BAFF-R polypeptide comprising amino acid
1esidues 110 184 of SEQ ID NO: 1 or a Sagment thercof]

{ii) an isolated sequence BAFF-R polypeptide comprising amino acid residues
1 to 52 of SEQ ID NO. 1 or a fragment thereof] and

iv) an isalated sequence BAFF-R polypeptide comprising azaino acid residucs 8
10 41 of SEQ IDNO., 1 or a fragment thereof.

90.  The antibody of claim 89 whercin the antibody is a monocional antibody.

T TTYITT T THe anhbody of Sl 89 WhICh Tomprises 8 ChMent anaboay-

92, The antibody of claim 89 which comprises a human anfibody.
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¢ ABSTRACT
A novel receptor in the TNF family is provided: BAFF-R. Chimeric molecules and
antibodies to BAFF-R and methods of use thereof are also provided.
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CTTAGRAACT TGAATTAGAT GTGGTATICA AATCOCTITACS TGCCGLGARG
CAG CCCOCGTARG AACCCACGRA GCAGGIGAAG TICATIGTIC TCRACATICT
. Ecolll
121 AGCTGCTCTT GUTGCATIIG CICTRGANTT CTIGTAGAGA TATTACTIGT OCITCCACGC
Stel Beli
181 TGTICTMCT GTAGCTCOCT TGTTITCTTT TIGTGATCAT GTICCAGATG GUIGGGCAGT
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241 GCTCCCAAAA TGARTATTTT GACAGTTIGT TGCATGOTIG CATACCTIGT CAACTIAT
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Aflidk

301 GTTCTICTAL TACTCCTCCT CTRACATGTC AGOGTTATIG TAATGCAMGT GIGRCCAATT
WBC 5 58N TPP LTOC GRYOC HAS VTN

BsmFl
351 CAGTGARAGG AACGAATGCG ATICTCIGGA CCTGTITGEG ACTEAGCTTA ATAATTICTT
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421 TGGCAGTITT CCTCCTANTG TITTIGCIRA GGAMGATARG CTCIGRACCHE TTARAGGACG
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481 AGTITAAAAA CACAGGATCA GGTCICCTGG GCATGGUTAA CATIGACCTG GAAAAGAGCA

8g*E F K ¥ T 68 G L IL GMAN | DL E K S

Xmn} Sl Xhal
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781 TTICRACTCG AGCASTGOCA CTTTARAAAT CTTTIGICRG AATAGATGAT GIGICAGRTC
841 TCTTTAGGAT GACTGTATIT TICAGTIGOC GATACAGCIT TTIGITCICT AACTGTGGAA

Siyl

901 ACTCTITATG TTAGATATAT TTCICTAGET TACTOITGEG AGCITARIGG TRGARRCTIC
961 CTIGGITICA TGATIAAAGT CTTTTIIITT CCTGR




Structure comparison between TNF-R55 and |
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